Abstract. The current status of searches for ultra-high energy neutrinos and photons using air showers is reviewed. Regarding both physics and observational aspects, possible future research directions are indicated.
of trying to keep a large exposure. This might be an opportunity for future space observations to try 74 to add significant exposure. Overall, the search for UHE neutrinos using air showers is in competition 75 with other techniques, e.g. with neutrino telescopes using ice or water as a medium.
76
For both UHE neutrinos and photons, no discovery has been claimed so far, and upper limits were 77 derived. In case of UHE photons, candidate events exist that are usually close to the detector threshold 78 and compatible with expectations from hadronic background. For conservative limits, this background 79 is typically not subtracted to avoid uncertainties in modeling high-energy hadronic interactions. In 80 case of UHE neutrinos, no candidates emerged so far from searches using air showers such that the 81 current search is not limited by background but by exposure.
82
For deriving limits, in both cases a fairly robust interpretation of shower observations with regard 83 to theory uncertainties is possible, which is in some contrast to the more uncertain interpretation of 84 hadron showers: photons showers are mostly just electromagnetic. And for neutrinos, while there is an 85 uncertainty in cross-section and τ energy loss, the uncertainty in shower development is less important 86 since the identification relies mostly on the electromagnetic component of the shower. 
Previous impacts.

88
Searches for UHE neutrinos and photons gave already important contributions to the scientific land-89 scape. As can be seen in Figs. 1 and 2, strong constraints on top-down models could be achieved by 90 the photon, as well as the neutrino limits. Further impacts will be discussed below. shower front (curvature, rise time,...), see Table 1 . The best photon-hadron separation is achieved using 99 the muon detection technique, which at the same time has the highest price per exposure. A hybrid 100 technique using fluorescence and muons could possibly perform even better. All methods result in 101 a merit factor (defined as the ratio of separation power and price per exposure) of the same order.
102
Generally, any technique good for hadronic composition study is adequate for photon search (as long 103 as electromagnetic showers can trigger the detectors). 
Present status
105
The findings of independent experiments in both North and South hemispheres are similar: no photon 106 candidates were found at the highest energies and the number of candidates found can be attributed to 
UHE neutrinos
158
The observation of UHE neutrinos (UHEνs) in the EeV energy range and above has become a priority for these elusive particles with ground arrays of particle detectors. 
UHE neutrino detection
163
The observation of UHEν in ground arrays is currently limited by exposure but not by background. for detectors with both sensitivity to highly inclined showers and timing capabilities. can be identified in a broad zenith angle range from θ ∼ 60
• − 90
• . In this so-called "downward-going" 181 neutrino channel, all flavours and both CC and NC interactions contribute to the neutrino event rate.
182
The sensitivity to UHE tau neutrinos is further enhanced through the detection of the shower induced 183 by the tau lepton generated after the propagation and interaction of an upward-going ν τ inside the Earth
184
[45], the so-called Earth-skimming mechanism. In this case only CC ν τ interactions can be efficiently flavor has also been explored, but the sensitivity is expected to be smaller than other channels [47, 48] .
192
This information is summarized in Table 2 .
193
In principle the search for UHE neutrinos can also be done with fluorescence detectors which exposure to UHEνs compared to that of ground arrays of particle detectors.
198
Other techniques for UHE neutrino detection are being applied in other experiments [49] . nos can interact in a "dense" medium such as water or ice, and the charged debris of their collisions
200
-that typically travel at a speed larger than the speed of light in the media -emit Cherenkov light.
201
This technique is exploited in experiments such as IceCube and ANTARES, which benefit from the 
Relative sensitivity ∼ 2.5 − 3 1 abundance and relatively large density of the target, and from the transparency of water and ice to 203 visible wavelengths which allows a sparse array of detectors buried/submerged inside the target itself.
204
Cherenkov radiation is also emitted in the MHz-GHz frequency range. These wavelengths are typi- the UHE regime, such as ANITA and RICE, and it is starting to be explored in initiatives such as ARA
209
[50] and ARIANNA [51] . The radio technique is also the basis of neutrino detection in experiments 210 using existing radio telescopes to try to detect radio pulses produced in neutrino-induced cascades in 211 the Moon. In Table 3 we summarize the main characteristics of the different UHE neutrino detection 212 techniques. 
UHE neutrino production models
214
All experiments working in the EeV range aim at detecting the cosmogenic neutrino flux produced 
216
Despite the existence of these neutrinos should be guaranteed by the observation of both projectiles of 217 that energy and target photons, the level at which this flux is realized in Nature is dependent on many 
Present status
238
The two main ground arrays of particle detectors currently working in the EeV range, namely the Table 3 for full details and relevant references. The Auger downward-going limit was obtained with data between zenith angles 75
• and 90
• . All limits and flux models have been rescaled to single flavour when necessary, assuming equipartition of flavors at Earth.
The limits can also be shown in differential format. In this case the integrated limits are obtained in 
258
The best way to compare the sensitivity of the experiments is to quote the expected number of 259 events during the data taking period of the detector for a few reference models. This is shown in Observatory (see Table 3 for more details on the exposures). With data unblinded up to 31 May 2010, the surface detector of the Auger Observatory provides a poor constraint to models of cosmogenic ν 264 production normalized to Fermi-LAT observations. 
Future prospects
266
As reflected in the projected number of events shown in Table 4 , if UHEν are not discovered by ∼ 267 2015, experiments will be able to put strong constrains on models of cosmogenic ν fluxes that assume 268 a pure primary proton composition injected at the sources.
269
Conclusions
270
We have reviewed the status of searches for ultra-high energy neutrinos and photons, touching different both, the interpretation of air shower observations is more robust than that of hadron showers.
282
-Current data versus models: searches using air showers were already performed and have already will be an on-going task for phenomenology to combine the various constraints. Table 4 . Top: Expected number of ν events for several models of ν production given the current exposures of IceCube-40 and the surface detector of the Pierre Auger Observatory to Earth-skimming νs only (see Table 3 for details). Bottom: Expected number of events for 3 yrs of data taking with the full IceCube detector, and for the Earth-skimming and downward-going channels at the SD of the Auger Observatory up to June 2015.
Model 
294
-Ground shower techniques versus each other: For photon searches, each technique is OK with 295 some (dis-)advantages. As they have some complementarity, the best would be a combination. In a 296 simplified way, one can state that what is good to determine (hadron) composition is fine to search 297 for photons. For neutrino searches, a large exposure to inclined showers is the key, which favours, 298 e.g., a large array of water detectors.
299
-Present status versus future directions: New observational windows to the Universe always gave 300 new discoveries with large impact, also beyond astroparticle physics. This is expected to continue 301 also for the windows which remain to be opened. At the highest-energy frontier, the air shower 302 community has the means in hand to proceed towards the observation of neutrinos and photons. 
